The success achieved by the John Murray Expedition to the Indian Ocean, 1933-4, in the Egyptian research ship Mabahiss aroused the interest of Egypt in oceanographic exploration. When the Mabahiss returned to Alex andria in May 1934, the University at Cairo had under consideration a plan for sending out an expedition to explore the whole area of the Red Sea in 1935-6. Meanwhile, it was thought advisable to send a preliminary expedi tion, the experience of which might be a useful guide for the 1935-6 expedition,* to its northern regions.
This preliminary expedition, which lasted from* 18 December 1934 to 20 February 1935, marks the first attem pt by modern Egypt to undertake systematic oceanographic research. A note on the topographical and biological results of this expedition has already appeared (Crossland 1936) . The object of the present communication is to report some of its hydrographic and chemical results which are believed to have increased our knowledge of the oceanography of the Red Sea.
P r e v io u s in v e s t ig a t io n s
The basis of our present-day knowledge of the oceanography of the Red Sea is largely provided by the results of the Austrian Expedition on the Polam. 1895 -6 and 1897 -8 (Luksch 1898 , 1901 N atterer 1898 , 1901 . How ever, oceanographic instruments and methods were at th at time imperfect, and the Pola observations therefore lack the accuracy desirable in modern oceanography. More recently, two Italian Expeditions on board the Magnaghi carried out an extensive programme of oceanographic investiga tions in the Red Sea in 1923 -4 and 1929 (Picotti 1927 Vercelli 1925 Vercelli , 1927 Vercelli , 1931 . The results of these investigations have in general amplified our knowledge of the physical oceanography of the Red Sea and have in parti cular thrown abundant light on the regime of currents in the Straits of * Owing to th e situ atio n created b y th e Italo-A byssinian conflict the E gyptian G overnm ent was forced to postpone th e 1935-6 expedition; financial difficulties th ereafter caused fu rth er delay. I t is earnestly hoped th a t it will be soon possible to send ou t such an expedition.
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Bab-el-Mandeb as well as on the tides and currents in the Gulf of Suez. Unfortunately, not only were these investigations restricted to certain regions but they did not deal sufficiently with the chemistry of the Red Sea waters. Finally, we have the observations of the Snellius Expedition in 1929 (Van Riel 1932) and of the John Murray Expedition in 1933 -4 (Sewell 1935 , which were made at but a few stations in the southern half of the sea.
T h e R e d S e a w a t e r s
(1) Hydrography
One of the main objects of the Egyptian exploration of the Red Sea is to secure, through the modern development of hydrographic instruments and methods, systematic oceanographic observations at a series of standard levels from the sea surface down to the bottom. The importance of such exact data for a better understanding of the properties and movements of the Red Sea waters cannot be over-emphasized.
During the cruises of the Mabahiss in the winter of 1934-5 serial determina tions of temperature and halogen content were systematically made along ten sections at some forty-five stations distributed over the Gulf of Aqaba, the Gulf of Suez, and the adjacent regions of the Red Sea. The area in vestigated, as well as the position of the various sections, is shown in figure 1 .
The Gulf of Aqaba, a deep trough with depths between 1650 and 1830 m. near its centre, is separated from the deep parts of the Red Sea by a shallow sill in the Strait of Tiran. For the first time our temperature and salinity observations in this strait have brought to light the mode of the exchange of water masses between the Gulf of Aqaba and the Red Sea, a m atter which did not receive the attention of former expeditions. The vertical distribu tion of the potential values of temperature along section E (figure 2) indicates th at there passed, at the time of observation, through the Strait of Tiran two currents, a surface current from the Red Sea into the Gulf of Aqaba and a bottom current out of the gulf, the latter contributing to the formation of the Red Sea bottom water.
An exactly similar picture is given by the vertical distribution of salinity. I t is noteworthy that these movements are analogous to those through the Straits of Bab-el-Mandeb in the winter season.
In the Gulf of Aqaba itself our temperature observations have, for the first time, revealed the presence of an adiabatic increase in the temperature of the deep w ater; the temperature, after reaching a minimum of ca. 21 *20° C at a depth between 300 and 400 m., increases slowly and steadily towards the bottom. The observed gradient of this increase amounts to 0-20° C/1000 m. increase of depth, which is in complete accord with the magnitude of the adiabatic effect to be expected on theoretical grounds. The observation of this adiabatic heating at great depths in the Gulf of Aqaba escaped com pletely the investigations of the Pola through lack of precision in the ther mometers then in use, which read to y10 C only.
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The precise variation of temperature with depth in the shallow Gulf of Suez varies from one region to another as shown by its vertical distribution along the medial line of the gulf (figure 3), which reveals the progressive arrangement of the isothermal pattern as well as the complexity of the thermal regime. A more or less similar picture is given by the distribution of salinity (figure 4); and both pictures suggest the inflow of a warm, less saline surface current from the Red Sea into the gulf and the outflow of a bottom current, more saline and less warm. The efflux of the latter into the Red Sea, on both sides of Shadwan Island, was clearly indicated by our temperature and salinity observations in the southern approaches of the Gulf of Suez. Moreover, the analysis of the correlation curves of these observations has suggested th at the water of this bottom current mixes at the edge of the gulf with the water of the upper strata in the Red Sea, the resulting admixture sinking down and contributing to the formation of the Red Sea bottom water. A further light is thus thrown on the origin of the bottom water in the northern Red Sea. The variation of temperature with depth in the Red Sea proper agrees, in its characteristic features, with th a t in the Gulf of Aqaba. From its high values in the upper stratum , the temperature decreases to a minimum value of ca. 21*60° C (i.e. about 0*50° C higher than the corresponding minimum value in the Gulf of Aqaba) at a depth of 500-600 m., below which it increases adiabatically with increase of depth. This adiabatic heating at great depths in the Red Sea proper was first observed by the Italian Expedition in 1923 -4 (Vercelli 1927 . The vertical distributions of tem perature and salinity in the northern regions of the Red Sea are illustrated in figures 5 and 6.
According to the Pola observations the temperature of the surface waters in the Red Sea shows a regular increase, and their salinity a similar decrease, from west to east. This regular distribution led Luksch (1901) to formulate his hypothesis of cyclonic circulation in the Red Sea, with a warm, less saline current, moving north along the Arabian coast, and a more saline, less warm current, moving south along the African coast. The Magnaghi F ig u r e 5. T he v e rtic a l d istrib u tio n of te m p e ra tu re along section H .
F ig u re 6. The vertical distribution of salinity along section H. Vol. 128. B. 21 observations in the southern regions have, on the other hand, suggested th at such a regular distribution does not constitute a permanent feature of the hydrography of the Red Sea (Vercelli 1927). Moreover, the direct current measurements made by the first Italian Expedition refuted Luksch's hypothesis in the southern regions (Vercelli 1925) , and its validity in the central and northern regions was questioned by Vercelli (1927) . Neverthe less, our observations give a clear indication of such a regular distribution in the northern regions, though, along some sections, certain factors upset its regularity. This orderly distribution does not, however, necessitate our falling back on Luksch's hypothesis, for it lends itself most readily, as will be shown elsewhere, to interpretation on meteorological grounds. The temperature and salinity observations were further treated according to the dynamic method of Bjerknes, and velocity profiles of the currents normal to sections G, H, I and J were thus constructed. A striking feature of these profiles is the alternation in the direction of flow across each section, a feature which has suggested the existence of vortex movements. There is evidence to support this view in the abnormal low values of temperature? which were observed at the surface at certain stations, as well as in the abnormal high values, which were found much below the surface at certain others. The cause of these abnormal conditions could not be traced to any obvious source, and can be ascribed to cyclonic and anticyclonic vortices, the former causing cold water to well up from below to the surface and the latter resulting in the warm surface water sinking down. For this and other reasons, the system of currents in the Red Sea cannot be described, on the basis of our observations, so simply as Luksch formulated i t ; rather it is complex and calls for further investigations for its elucidation.
(2) Chemistry On board the Mabahiss, determinations of dissolved oxygen were systema tically made at all hydrographic stations, t>H values at most of them and phosphate content at a good number.
Our oxygen observations provide for the first time ample information for a detailed study of the distribution of oxygen in the Red Sea. As a result, the oxygen-depth curve for the Red Sea proper can be distinguished into four zones, characterized by differences in oxygen content: (a) a zone of high oxygen content at the surface; (b)a peak surface, the so-called photosynthetic zone; (c) a mid zone, in which the oxygen content decreases rapidly with increase of depth until it reaches a minimum concentration in the 400-600 m. stratu m ; and ( a deep zone in which the oxygen content increases progressively with depth.
Of these zones, the minimum oxygen stratum existing at mid depths has recently received great attention, and, consequently, much information has been accumulated to show its existence in several oceanic regions. Its presence in the Red Sea passed unnoticed by the Austrian Expedition, whose programme included the analysis, at each hydrographic station, of only two samples for oxygen, the one obtained from a depth of 100 m. and the other from the vicinity of the bottom . It remained for the Snellius Expedition (Van Riel 1932) and the John Murray Expedition (unpublished data) to reveal its presence in the southern region of the Red S ea ; and now our observations establish its wide existence in its northern region. The distribution of oxygen in this latter region is shown in figure 7 . The vertical distribution of oxygen in the Gulf of Aqaba presents two striking differences. In the first place, the minimum oxygen mid stratum is non-existent, the oxygen content decreasing continually with increase of dep th ; and, secondly, the oxygen content of the deep water is much higher than in the Red Sea, a point of difference which was found also by Natterer (1898). In the shallow Gulf of Suez, the oxygen content is generally high throughout the water column and shows but slight variations with depth.
The pH of the Red Sea waters was found to vary from 8-02 to 8T0 at the surface. Its variation with depth is in many respects similar to th at of oxygen; for instance, there is a minimum pH layer at intermediate depths of 300-600 m. in the Red Sea proper.
Much information on the distribution of phosphate in several oceanic regions has of late years become available, but no phosphate observations from the Red Sea existed prior to the Egyptian Expedition. The phos phorus content, present as inorganic phosphate, of its waters is now brought to light by our observations. In the Red Sea proper the phosphate content varies from 0 to 6 mg. P per cu. m. in the surface layer, below which it increases to a maximum concentration of 64-69 mg. P per cu. m. at inter mediate depths, usually between 400 and 600 m. W ith increasing depth the phosphate decreases down to 800 m., below which a constant concentration (34-39 mg. P per cu. m.) is usually present.
The phosphate content in the Gulf of Aqaba also increases until a depth of 700 m. is reached; below this the concentration does not show any sig nificant variation with depth, but remains relatively constant at ca. 23 mg. P per cu. m., a concentration which is much lower than th at of the deep water in the Red Sea. I t is thus evident th a t whereas the deep water in the Gulf of Aqaba is impoverished in phosphate, th at in the Red Sea contains as much as th a t of any oceanic region.
T h e R e d S e a b o t t o m d e p o s it s
Another object of the Egyptian exploration of the Red Sea is to study the nature and distribution of its bottom deposits. Our knowledge of these deposits, derived from the investigation of the Pola samples (Natterer 1898), is very generalized and leaves much to be desired.
An investigation of thirty-eight bottom samples, collected by the Egyptian Expedition from the northern Red Sea, was undertaken. Three of these samples were obtained from the Gulf of Suez, five from the Gulf of Aqaba, and the rest from the adjacent regions of the Red Sea. In the course of this investigation the carbonate, organic carbon, and nitrogen content of these sediments were determined; the major chemical constituents of a good number of them were also estimated.
The results of this investigation show th at these sediments are very rich in carbonates, those from the Red Sea proper being richer than those from either the Gulf of Suez or the Gulf of Aqaba. The carbonate content, calcu lated as calcium carbonate, was found to vary from 42*20 to 96*96 %, the lowest value being found in a sample from 1113 m. in the Gulf of Aqaba and the highest in one from a depth of 18 m. in the vicinity of the western reefs in the Red Sea. In general, the carbonate content does not show any definite correlation with depth of water, although there is sufficient evidence to indicate that it falls, ip the Red Sea proper, with increase of depth and with increase of distance from the coast.
It has been found th at the organic m atter present in these sediments, as measured by the nitrogen content, does not exceed 1 %, and therefore is very low compared with th at of other marine sediments. The highest content of organic m atter was found in those sediments obtained from the southern approaches of the Gulf of Suez (nitrogen content = 0-082 to 0-091 %), where organic residues transported by the outgoing current are likely to accumulate. In the Gulf of Suez itself the content is relatively high (nitrogen content = 0-05 %); on the other hand, it is remarkably low in the Gulf of Aqaba, the nitrogen content being 0-025 % or less. In the Red Sea proper it varies widely, and is generally high in those sediments collected from the shallow coastal regions and low in those secured from great depths. The carbon/nitrogen ratio, which affords a further means for estimating organic matter, is lower than th at of other marine sediments; its average in the Gulf of Suez is 7-7, in the Red Sea 4-6 and in the Gulf of Aqaba 4-0. On the whole, the richer the sediment is in organic matter, the higher is its C/N ratio.
With regard to the major chemical constituents of these sediments the following data are available. It is found th at the silica content varies from 13-74 to 36-32 % in the Gulf of Aqaba, from 14-07 to 23-33 % in the Gulf of Suez, and from 2-86 to 12-04 % in the Red Sea proper. It is of interest to note that the lowest value was found in a sample procured from the slope of a submarine hill lying west of Shadwan Island. The alumina content, which varies from 1-21 to 11-95%, is directly proportional to th at of silica. Furthermore, it is found th at the total iron content (0-74 to 3-11%, calculated as ferric oxide) is highest in the Gulf of Suez and lowest in the Red Sea; but it is fairly high in the Gulf of Aqaba. It is also shown th at the magnesia content (2-30 to 3-43%) does not vary widely, while the lime content corresponds well with the results of the carbonate analysis. Finally, it is found that the hygroscopic water retained by these sediments does not exceed 1 %.
On the whole, the results of this chemical investigation lead to the con clusion that the environmental conditions of deposition are different in each of the three main regions investigated.
This work was carried out partly on board H.E.M.S. Mabahiss in the Red Sea and partly at the Department of Oceanography, University of Liverpool.
S u m m a r y An account is given of some of the more outstanding results of a pre liminary Egyptian Expedition sent to the northern Red Sea in the winter of 1934-5. The im portant features of the hydrography of the area investi gated, such as the origin of bottom water in the northern Red Sea, the water movements through the Strait of Tiran, the adiabatic temperature changes at great depths in the Gulf of Aqaba, the thermal regime of the Gulf of Suez and the nature of circulation in the Red Sea, are described. The chemical observations have revealed the presence of a maximum phosphate layer at intermediate depths in the Red Sea; but at these depths the oxygen concentration as well as the pH is at its minimum. The analyses of thirty-eight bottom samples collected from the northern Red Sea and its adjoining gulfs suggest th a t the environmental conditions of sedimentation are different in each of the three main regions investigated. 
